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In 1973, M.Kobayashi and T.Maskawa indicated that CP violation can occur within the SM framework if 
there are at least three quark generations. In their model, CP violation arises from a single irreducible 
complex phase in the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix. The matrix VCKM is 
required to be unitary. Since a sum of three complex quantities is zero, a triangle is drawn in complex plane 
by each of the equations. This triangle is called unitary triangle. The area of triangle has to be non-zero to 
establish CP violation. Therefore a measurement of the phases of unitary triangle shows CP violation.  
The neutral B meson decay, B
0
→D
*
πprovides a sensitivity to sin(2ϕ1 + ϕ3). CP violating parameters 
described as a = (2R/1+R
2
)sin(2ϕ1 + ϕ3)cos and c = (2R/1+R
2
)cos(2ϕ1 + ϕ3)sin.  
We reported the measurements of time-dependent CP asymmetries in B
0
 →D*π decays using a full 
reconstruction technique. The world averages are a = -0.039±0.010 and c = -0.010±0.013. 
The data set using this analysis is collected with KEK B factory. KEK B factory consists of two structures, 
KEKB accelerator and the Belle detector. They are located at the High Energy Accelerator Research 
Organization (KEK) in Tsukuba, Japan.  
We first find the signal decay chain from B pairs accumulated by the Belle detector. Then CP violating 
parameters are extracted from time-dependent decay rates of signal.  
We fixed the selection criteria for the signal events by Monte Carlo. 
We reconstructed signal events from following decay chains, charge conjugate modes are 
implied unless explicitly stated: 
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Number of reconstructed B candidates from real data is 78,065. Since B
0
 and B
0
bar can decay into D
*
π, the 
flavor of a reconstructed B cannot be determined by itself. The flavor was identified by the other side B.  
The difference between the decay times of B pair is given by t. t PDF includes S
±
 = -(2R/1+R
2
)sin(2ϕ1 + 
ϕ3 ± ). We extracted S
±
 from the distribution of t.  
The fit results are S
+
 = 0.000±0.017±0.011 and S
-
 = 0.057±0.017±0.011, where the first error is statistical 
and the second error is systematic. We can also express the results as parameters a, c. 
a = (2R/1+R
2
)sin(2ϕ1 + ϕ3)cos = -( S
+
+ S
-
)/2 = -0.029±0.012±0.011 
c = (2R/1+R
2
)cos(2ϕ1 + ϕ3)sin-( S
+
- S
-
)/2 = 0.029±0.012±0.011 
Since a is the amplitude of the asymmetry distribution, the deviation of a from zero is the significance of 
CP violation. We obtained that the significance was 1.8σ. While the deviation of c from zero means the 
possibility that δ has some value. This is the first measurements of these parameters using the entire Belle 
data, and has the best precisions so far for the analysis using full reconstruction technique. 
 
 
 
論文審査の結果の要旨 
 
板垣君の博士論文のテーマは Measurements of time-dependent CP asymmetries in B0 → D*π 
decays using a full reconstruction technique（B0→D*π崩壊モードを用いた CP 対称性の破
れの測定）であるが、これは CP の破れのユニタリー三角形の３つの角度のうち最も測定が困難
と言われる phi3 に関する情報を得るもので、Belle 実験のテーマの中でももっとも重要なもの
の一つである。実際に測定されるパラメータは崩壊時間分布に現れる SIN 項の実係数、S+と S-
であるが、S+ ＋ S-が CP の破れを現す。（S+ - S-は崩壊振幅に含まれるストロング位相に対応
する。）D*+π-の再構成には全ての崩壊粒子を検出して B 中間子を再構成する方法（完全再構成
法）と、D*+から D0pi+に崩壊する際の pi+のみを検出して D*+が pi+と同じ速度ベクトルを持つ
として再構成する方法（部分再構成法）があるが、部分再構成法は統計が多いが SN 比が悪く、
完全再構成法は統計が劣るが SN 比が良く系統誤差が小さいという利点がある。この解析は完全
再構成法による解析では Belle の全データを使った始めてのものであり、世界でもっとも良い測
定精度を持つものである。この研究は板垣君が Belle 実験グループの研究員や先輩の学生から指
導を受けながらもほぼ独力で推進し完成したものである。 これらは、板垣君が自立して研究活
動を行うに必要な高度の研究能力と学識を有することを示している。したがって，この博士論文
は，博士（理学）の学位論文として合格と認める。 
 
 
